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TITLE OF PROJECT (Repeat title shown in item 1 on first page) 
High Resolution Structure of Pisum Sativum Lectin 
(SEE INSTRUCTIONS) 
1. There are no changes in the objectives of the proposal for next year. 
2. The structure of the pea lectin dimer has now been determined to 1.7 A resolution. The 
model has been refined against a new data set extending to 1.7 A resolution collected using a 
rotating anode source and an area detector. Initially, the model was determined and refined to 1.9 
A resolution using data collected from a synchrotron source. The new model used the 1.9 A model 
as a starting model for refinement against the area detector data. Both PROLSQ 1 and X-PLOR2 
 were used in the refinement of the model. The current model at 1.7 A resolution gives a
crystallographic R value of 17.7 and an RMS deviation from ideal bond distances of 0.027 A. At 
1.7 A resolution, atoms may be oriented with a high degree of confidence, giving a RMS error in 
coordinate positions (given by the Cruickshank method) of 0.125 A. 
The pea lectin molecule consists of two identical monomers that are related by a non-
crystallographic two-fold axis to form a dimer. Each monomer consists of two chains, a b-chain, 
comprised of the N-terminal 181 amino acid residues, and an a-chain, made up of the C-terminal 
47 amino acid residues. The two chains arise during processing of pea lectin, where a segment of 
several amino acid residues is enzymatically removed. As a result of this processing, the actual C-
terminus of the b-chain is somewhat unclear. Protein sequencing 3 indicates that the C-terminus of 
the b-chain is Tyr-179. However, the electron ensity in this region clearly indicates the presence of 
Pro-180 and Asn-181 in both monomers. Recent evidence from HPLC experiments appears to 
support the presence of Asn-181 4. During early stages of refinement, Pro-180 and Asn-181 were 
not included in the refinement model to avoid bias in the interpretation of the maps; however, 
density consistent with these residues continued to appear in the electron density maps, and both 
residues were eventually added to the model. 
The model can now be analyzed with respect to the non-crystallographic two-fold 
symmetry. Deviations from perfect two-fold symmetry are observed which can be explained by 
crystal packing effects. Other differences are apparent upon examination of the temperature factors 
for corresponding residues in the two monomers. The average temperature factor for the B 
monomer (16.3 A2) is higher than that for the A monomer (14.5 A 2). If all non-H20 symmetry 
contacts are taken into account, the A monomer makes approximately 1.5 times as many contacts 
as the B monomer. Superposition of plots of average temperature factor versus residue number for 
the A and B monomers indicatess that the overall shape of the plots are very similar. Large 
differences arise near the C-terminus of the b-chains, where differences in contacts exist, and 
around residue 30 in the b-chains, where density has always been weak and modeling difficult, 
apparently due to disorder in this region. 
Another interesting feature is the indication by the electron density map that several side 
chains, particularly threonines, leucines, isoleucines, and serines, exist in at least two major 
conformations, attained by rotation about c1 (for leucine and serine) or c2 (for threonine and 
isoleucine). 
The electron density has also suggested positions for a number of bound water molecules, 
and, to date, 294 of these have been added to the refinement model. Eight of the water molecules 
are ligands to the two Mn2+ and two Ca2+ ions, completing the octahedral geometry around the 
ions. The ligand distances and angles around the metal ions is practically identical in the two 
monomers. 
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Nine water molecules were found to lie in the interface between the two monomers. One 
water molecule lies on the noncrystallographic two-fold axis, while the other eight form four 
symmetry related pairs. The water molecules in the interface form hydrogen bonds across the 
interface, bridging distances that would otherwise be too great. Most of the interactions forming 
the interface appear to involve hydrogen bonding, rather than hydrophobic interactions. This 
differs from the lectin Concanavalin A, which has a less hydrophilic interface and apparently no 
interface water molecules 5'6. The implications of the predominately hydrophilic interface with 
regard to the possible function of pea lectin is not clear, nor is it clear why the pea lectin interface 
would differ from Con A, given that their functions are likely similar. 
The remainder of the water molecules form hydrogen bonds to polar and charged side 
chains on the surface of the pea lectin dimer, and many are related by the two-fold symmetry of the 
dimer. Some of these surface water molecules lie near the putative carbohydrate binding site. 
Presumably, upon binding of a carbohydrate, the hydrogen bonds to water could be displaced by 
new hydrogen bonds to the hydroxyl groups of the carbohydrate molecule. 
The coordinates of the pea lectin model at 1.7 A resolution have been submitted to the 
Protein Data Bank7 . 
Pea lectin is also being studied from a theoretical point of view using the technique of 
molecular dynamics. This computationally intensive technique allows one to study the motion of 
the atoms at a level not accessible by experiment. Essentially, one needs a starting atomic model 
(the x-ray coordinates in this case), and an empirical potential energy function. From the potential 
energy function, one can then calculate the forces on each atom. By integrating Newton's 
equations of motion, that is, allowing each atom to move in the direction of its force, one obtains a 
series of snapshots of the molecule at different times. Examination of the dynamical nature of the 
protein can lead to a great understanding of what types of motion are available and functionally 
important to the protein. 
Several simulations are being carried out in this laboratory. For the most part, these 
calculations are being performed using the molecular dynamics program CHARMm running on a 
Silicon Graphics Compute Server 240S and visualized on a Silicon Graphics Iris 4D/70 GT 
Workstation. First, a 100 picosecond (ps) simulation of the protein in vacuo (no explicit water 
molecules present) has been done. Preliminary analysis shows large deviations from the x-ray 
model occur where the density is weak Also, simulations are being performed where the 
crystallographic waters are included explicitly, as well as a simulation using 3 Angstrom solvent 
shell around the surface of the water. These waters were restrained to their original positions using 
a weak quartic potential. Lastly, a simulation of pea lectin in a box of water molecules using 
periodic boundary conditions, will be performed providing the most realistic model of the protein. 
These calculations take considerably longer not only because of the increased number of atoms, but 
because the equilibration phase of the calculation is also increased. These simulations will help 
elucidate the structural role that the water molecules play in the stability of the protein. 
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